The synthesis of formazan derivatives is a well-known transformation and various protocols have been published. 25, 26 In the present study, formazans (4a-4h) were synthesized according to the first method reported by Nineham, 27 namely the coupling of substituted phenylhydrazones with 4-bromoaniline diazonium cation (3) in basic media at 0 • C as demonstrated in Scheme 1. New formazans 4a-4h, recrystallized from methanol, were obtained in overall yields of 50%-75%. The optimum basic medium for the coupling step was found to be pH ≥ 12, while the product was formed as a sticky material that clung to the stirring bar at pH ≤ 9 leaving the reaction incomplete. Moreover, the steric effects of the substituents located at the aryl aldehydes of the starting material significantly affect the coupling reactions. Therefore, para-substituted phenyl was chosen to eliminate the steric effects. The analytical and spectral data fully support the structures of all compounds.
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Characterization
In the FTIR spectra of formazans 4a-4h, sharp characteristic C=N tension vibration bands are observed between 1593 and 1610 cm −1 , pointing out the existence of chelate form (Scheme 2). The 1 H NMR data and the calculated coupling constants for formazans 4a-4h are given in the experimental section. Due to the existence of intramolecular hydrogen bonds inside the molecule, characteristic NH protons of compounds 4a-4g are observed as a singlet in the downfield from 14.31 to 15.06 ppm. 6, 33, 34 However, weakening of the intramolecular hydrogen bonds was detected most probably from the electronic effect of the attached NO 2 group, pointing out the upfield shift of NH proton (4h, 10.78 ppm). 5, 7, 8, 28 The observation of these results confirms the pseudoaromatic Ph 1 − NH · · · N− Ph 5 intramolecular hydrogen bond in the formazan skeleton (Scheme 2). The chemical shifts of the aromatic protons are recorded between 8.25 and 6.31 ppm as expected. While aliphatic -OCH 2 − groups' protons are observed as singlets between 4.36 and 5.15 ppm as expected, methoxy group protons for compound 4b and methyl group protons (− CH 3 ) for compound 4g are detected in the upfield at 3.90, 2.36, and 2.33 ppm, respectively.
In the 13 C NMR spectra of formazans 4a-4h, the obtained peaks belonging to carbon atoms in characteristic N − C=N units are recorded downfield between 164.32 and 158.70 ppm, which are in good alignment with the reported values. 28, 30, 35 While aliphatic − OCH 2 − carbon atoms are observed in the range of 68.79-70.10 ppm as expected, the methoxy group (− OCH 3 ) for 4b and methyl groups attached to 4g appear at 55.66 and 19.82-19.94 ppm, respectively. 1 H NMR and 13 C NMR spectra confirm the structures given in Scheme 1.
The mass spectra data of 4a-4h are given in the experimental section. In the mass spectrum of the compound 4a (C 26 H 21 BrN 4 O, M = 484.08 g/mol) the molecular ion peak is observed to be MS, ESI + : m/z = 484.1 (27%, M + ) , 483.1 (100%, M -H + ) and 485.1 (94%, M + H + ) as anticipated. All synthesized compounds were evaluated in the same manner and the results obtained from the mass spectra prove the validity of the structures given in Scheme 1.
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Absorption spectra
The UV-Vis studies of 4a-4h were performed in solvents with 15 different polarities and the results are listed in Table 1 . The UV-Vis spectra of 4a are given in Figure 1 . The visible band in formazans emerges from π -π * transition of the tautomerizing conjugated formazan skeleton (− NH−N=C− N=N−). Similar π -π * transitions were noted in the case of 4a-4g at λ max 1 of 475-540 nm in different polarity solvents, indicating the existence of a chelate form due to the inner-molecular hydrogen transfer over a sixmembered ring (Scheme 2). 28, 30, 37, 38 Contrary to the other compounds, 4h (λ max 1 = 361 − 402 nm) shows the 713 TÜRKOGLU and Ç INAR/Turk J Chem blue shift arisen from the hydrogen bond between oxygen of the ortho −NO 2 group and Ph 1 −NH equilibrium structure, which hinders the formation of chelation of formazan (Scheme 3).
37,38
Scheme 3. Hydrogen bond between the ortho-NO 2 and N-H and NH · · · N=N groups in compound 4h. The second band λ max 2 between 271 and 372 nm is attributed to the π -π * transitions within the hydrogen bond chelate ring formed by the azo and hydrazo groups in tautomerization (Scheme 2). 37 In accordance to the values in the literature, the observed λ max 2 of 271-307 nm for 4a, 4b, 4e, and 4g with inner-molecular hydrogen bonds belongs to the π -π * electronic transitions in the formazan skeleton. The band at 341-372 nm for 4c, 4d, and 4f in some solvents arises from an intramolecular charge transfer from solutesolvent interaction in the form of hydrogen bonding or bulk solvent properties. As depicted in Table 1 and Figure 1 , while the polarity of the solvents increases, the absorption peaks of formazans 4a-4g exhibit a blue shift (λ max = 0-31 nm). However, they have a slight red shift between 1 and 8 nm in toluene and cyclohexane compared to n -hexane, indicating a negative solvatochromism that points out the more stabilized ground state in a solvent cage of already partly oriented solvent molecules with stronger polarity. With increasing polarity of the solvents from n -hexane to DMSO, the absorption peaks of the compound 4h exhibit a red shift ( λ max = 8-23 nm). This can be mainly attributed to the stabilization of π and π * orbitals through solvation by polar solvents. 32 According to this result, the compound 4h was demonstrated to have positive solvatochromism with a decrease in π -π * transition energy concerning the intramolecular charge transfer (ICT) band within the whole molecule. 28, 39 While 4d holds the longest absorption wavelength appearing at 540 nm in cyclohexane, the highest hypsochromic shift having an absorption maximum of 361 nm was observed for 4h. These results indicate that there is either a hydrogen-bonding interaction between the solute and solvent molecules or intramolecular charge transfer within the whole molecule.
Effect of substituent on the absorption spectra
The substituent effects on characteristic absorption bands (λ max 1 ) of formazans 4a− 4h were examined in three solvents (ethanol, THF, and n-hexane) ( Table 2 ). The chemical shift values ( ∆λ max ) were determined according to the difference between the λ max 1 value of unsubstituted parent compound 4a and λ max 1 values of substituted formazans (4b-4h). 28, 37, 38 The UV-vis spectra of 4a-4h are given in Figure 2 in ethanol solution. Table 2 , the absorption value (λ max 1 ) of compound 4b possessing an electron donating -OCH 3 subunit at the para-position is recorded ∆λ max = 5 nm longer wavelength than the parent molecule 4a in ethanol. In both -Cl and -Br substituted compounds 4c and 4d, the ∆λ max values showed pronounced bathochromic shifts of 15 nm and 17 nm, respectively. Under these circumstances, the -Cl and -Br atoms, with 715 TÜRKOGLU and Ç INAR/Turk J Chem inductive electron withdrawing and resonance electron donating effects, ended up with two opposite effects. It can be seen that resonance electron effects are noticeable. The high electronegativity of the fluorine atom attached to the 1-phenyl ring results in slight bathochromic shifts ( ∆λ max = 2 nm for 4e, relative to 4a for the spectra in ethanol and THF). Compound 4f, which includes the para-NO 2 group on the 1-phenyl ring with its strong electron withdrawing effect, had a small shift towards shorter wavelength ( ∆λ max = 6 nm) compared to 4a. The λ max 1 value of the compound 4g substituted by the -CH 3 group, which is an inductive electron donating unit at meta-and para-positions, exhibits a small hypsochromic shift ( ∆λ max = 2 nm). The λ max 1 value of the compound 4h with strong electron attractive -NO 2 groups at ortho-and para-positions shows a strong hypsochromic shift of ∆λ max = 116 nm compared to 4a. This phenomenon can be attributed to the formation of a possible hydrogen bond between N-H proton with oxygen of a -NO 2 group attached to the ortho-position of the 1-phenyl ring (Scheme 3). Hence, the electron attractive quality of the -NO 2 group decreases, resulting in disappearance of the resonance effect. 28, 37, 38 Based on these results, electron donating groups and halogens acting with resonance electron effects generally lead to bathochromic shifts, whereas the electron withdrawing units result in hypsochromic shifts.
As shown in

Computation
The electronic and structural properties of compounds were explored further by conducting density functional theory (DFT) calculations. Geometry optimizations of both tautomers of formazans were achieved without any symmetry constraints by means of the Gaussian 09 package program. PBE1PBE 40 method with 6-31G(d) basis set was applied because of its good performance in exploring structures and properties of formazans.
20,41,42
Analysis of the harmonic vibrational frequencies using analytical second derivatives was performed to confirm the minima. Orbital composition analysis with Mulliken partition was carried out using the Multiwfn program (a multifunctional wavefunction analyzer). properties of formazans ( Figure 3) . HOMOs of the molecules are spreading over the core unit (-NH-N=C-N=N-) and phenyl subgroups located on N1 and C3 in tatutomer 1, whereas HOMOs of tautomer 2 were found to localize on the core unit and phenyl subgroups located on N5 and C3. On the other hand, the localized LUMOs were obtained on the core unit of the molecules spreading a little over the phenyl substituent attached on N5. LUMOs of tautomer 2 were observed on a core unit with a contribution of the phenyl group on N1. FMOs noticeably indicated an efficient ICT from phenyl groups on N1 and C3 to the phenyl unit on N5 over a core unit in tautomer 1, and from phenyl groups on C3 and N5 to the phenyl unit on N1 via a core unit in tautomer 2. Orbital composition analysis provided the highest HOMO and LUMO orbital compositions of 14.3%-15.4% for N1 and 19.9%-20.3% for N4 of 4a-4h in tautomer 1, while those were predicted as 14.8%-16.3% for N5 and 20.2%-21.6% for N1 in tautomer 2, respectively. However, NO 2 containing 4f and 4h had HOMO orbital compositions of 14.4% and 13.0% for N1 and LUMO compositions of 20.0% and 19.4% for N5 of 4f and 4h in tautomer 1, while those were predicted as 12.9% and 10.3% for N5 in HOMO and 17.8% and 16.3% for N2 in LUMO in tautomer 2, respectively. The estimated HOMO energy levels were found to be in the range of -5.16 to -5.47 eV, whereas those of 4f and 4h possessing one and two NO 2 units, respectively, were predicted as -5.70 to -6.06 eV owing to the strong electron withdrawing groups, which diminish the HOMO energy levels. A similar phenomenon was observed with LUMO energy levels. While LUMOs have energies between -2.40 and -2.74 eV, those of 4f and 4h with NO 2 units were calculated to be -3.08 to -3.59 eV depending on the number of NO 2 units attached on the phenyl group on N1.
The predicted UV-Vis absorption spectra of the less energy tautomers and their vertical excitation energies are listed in Figure S17 (see Supplementary Information) and Table 3 , respectively. The calculated absorption properties are in good alignment with the experimentally recorded data except for 4h1, having a predicted absorption band at 486 nm red shifted by 84 nm compared to the experimental value. The reason might be TD-DFT calculations performed on a gas phase optimized 4h1 with two NO 2 units, which can significantly interact with surrounding solvent and consequently distort the planarity of molecule and hence conjugation is decreased. The λ max values emerge from HOMO to LUMO excitations, indicating the low energy transitions taking place from HOMO→ LUMO. 
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Conclusion
In this work, the formazans 4a-4h were prepared in a two-step synthesis in good yields (50%-75%). The structures of the formazans were characterized by spectroscopic methods. Intramolecular hydrogen bonding and the effect of para substituents were elaborated by performing DFT calculations. Spectroscopic and computational investigations indicated the existence of a hydrogen bond between Ph 1 -NH and N-Ph 5 , which is in good agreement with the literature. Their optical investigations were performed in different polarity solvents. The UV-vis measurements indicated that λ max values depend on the solvent polarities. All compounds, excluding 4h, which shows a batchochromic shift, have a slight hypsochromic shift with increase in the polarity of solvents. However, unlike 4h, compounds 4a-4g showed negative solvatochromism in polar solvents. The examination of the substituent effects in various solvents pointed out a bathochromic shift for electron donating and halogen groups and a hypsochromic shift for electron withdrawing units. The TD-DFT method with incorporation of solvent (DMSO) was applied to calculate the electronic excitations of formazans, which pointed out the low energy transitions taking place from HOMO→ LUMO. These structural isomers might be promising candidates as ligands for the coordination chemistry in the field of functional materials. 
Synthesis of substituted phenylhydrazones (2a-2h)
The substituted phenylhydrazones were synthesized by condensation of 4-(benzyloxy) benzaldehyde with substituted phenylhydrazine compounds. The other compounds (2b-2h) were prepared in a similar manner.
(E )-1-(4-(Benzyloxy)benzylidene)-2-(4-methoxyphenyl)hydrazine (2b)
Light yellow solid (crystallized from methanol 
(E )-1-(4-(Benzyloxy)benzylidene)-2-(4-chlorophenyl)hydrazine (2c)
Light white needles (crystallized from methanol 
(E )-1-(4-(Benzyloxy)benzylidene)-2-(4-bromophenyl)hydrazine (2d)
White solid (crystallized from methanol 
(E )-1-(4-(Benzyloxy)benzylidene)-2-(4-fluorophenyl)hydrazine (2e)
White-off solid (from methanol 
(E )-1-(4-(Benzyloxy)benzylidene)-2-(4-nitrophenyl)hydrazine (2f )
Light red needles (from methanol 
(E )-1-(4-(Benzyloxy)benzylidene)-2-(3,4-dimethylphenyl)hydrazine (2g)
Light yellow solid (from methanol 
(E )-1-(4-(Benzyloxy)benzylidene)-2-(2,4-dinitrophenyl)hydrazine (2h)
Light brown powder (from methanol 
General synthesis of formazans 4a-4h
A 4-bromoaniline diazonium salt (3) in pyridine (20 mL) and 20% NaOH (10 mL). The coupling reaction mixture was allowed to stir for another 3 h and then poured into 250 mL of ice-cold water. After stirring for 45-60 min, the product was collected by filtration, washed with water, and dried. The crude product was crystallized out of methanol.
(2Z,4E )-3-(4-(Benzyloxy)phenyl)-5-(4-bromophenyl)-1-phenylformazan (4a)
Compound 4a was obtained from 2a ( 
(2Z,4E )-3-(4-(Benzyloxy)phenyl)-5-(4-bromophenyl)-1-(4-methoxyphenyl)formazan (4b)
Compound 4b 
(2Z,4E )-3-(4-(Benzyloxy)phenyl)-5-(4-bromophenyl)-1-(4-chlorophenyl)formazan (4c)
Compound 4c 
(2Z,4E )-3-(4-(Benzyloxy)phenyl)-1,5-bis(4-bromophenyl)formazan (4d)
Compound 4d 
(2Z,4E )-3-(4-(Benzyloxy)phenyl)-5-(4-bromophenyl)-1-(4-fluorophenyl)formazan (4e)
Compound 4e 
(2Z,4E )-3-(4-(Benzyloxy)phenyl)-5-(4-bromophenyl)-1-(3,4-dimethylphenyl)formazan (4g)
Compound 4g was obtained from 2g ( 
(2Z,4E )-3-(4-(Benzyloxy)phenyl)-5-(4-bromophenyl)-1-(2,4-dinitrophenyl)formazan (4h)
Compound 4h was obtained from 2h ( NMR spectra, computed absorption spectra, and Cartesian coordinates. 
